A cross-sectional study was conducted at Mukim Parit Lubok (MPL) and Parit Raja (PR), Batu Pahat, Malaysia. The main objective of this study was to determine the aluminium concentration in drinking water and to perform health risk assessment prediction among respondents from these two residential areas. A total of 100 respondents were selected from the study areas based on inclusive and exclusive criteria. Two duplicates of treated water samples were taken from each respondent's house using 200mL high-density polyethylene (HDPE) bottles and 0.4 mL (69%) pure concentrated nitric acid were added as a preservative. Aluminium concentrations were analyzed using a Lambda 25 UV/V spectrophotometer. The result showed that aluminium concentration in drinking water from MPL was 0.18 ± 0.022 mg/L and 0.22 ± 0.044 mg/L for PR. Statistical analysis showed that 14 (28%) water samples collected from MPL and 35 (70%) from PR recorded concentration of aluminium above the standard limit set by the Ministry of Health, Malaysia for drinking water guideline (0.2 mg/L). The mean value of Chronic Daily Intake (CDI) of aluminium in drinking water from PR (0.00707 mg/kg/day) was significantly higher compared to MPL (0.00164 mg/kg/day). Hazard Index (HI) calculation showed that all respondents had "HI" of less than 1. In conclusion, there was an unlikely potential for adverse health effects from aluminium intake in drinking water from both study areas. However, it was necessary for some actions to be taken in order to reduce aluminium levels found in drinking water for both locations.
Introduction
Water is of major importance to all living things, in some organisms, up to 90% of their body weight comes from water and up to 60% of the human body is water [1] . Malaysia has an abundant water resources and adequate rainfall and yet this nation has water shortages and water quality problem [2, 27] . A national monitoring network was established in 1978 by the Department of Environment to monitor river quality and detect changes in water quality as a result of development [2] . A study by Calderon in year 2000 has identified a number of chemical contaminants in drinking water and one of those contaminants is aluminium [3] . According to Malaysia Drinking Water Quality 2009, the permissible level of aluminium in drinking water must not exceed 0.2 mg/L [4] . Based on the Report of Study on Water Supply System 2005 that was done on two water treatment plants (WTPs) in Batu Pahat (Parit Raja IV WTP and Sri Gading WTP), there have been violations of water quality standard for aluminium levels [5] . There were 8 sampling stations from the Parit Raja IV WTP that showed violation of aluminium standard along the reticulation system with the highest value of 8.00 mg/L [5] .
Aluminium can be either beneficial or harmful, depending on a number of factors, including the amounts to which someone being exposed. Aluminium is the most abundant metal and the third most abundant element, after oxygen and silicon, in the earth's crust [6] . It is widely distributed and constitutes approximately 8.8% of the earth's crust or approximately 88000 parts of aluminium per million parts of the earth's crust [7] . Dissolved aluminium concentrations in waters with near-neutral pH values usually range from 0.001 to 0.05 mg/L but rise to 0.5-1 mg/L in more acidic waters or water rich in organic matter [8] . Although acute exposure to high doses of aluminium are well tolerated, aluminium may be a contributing factor in certain neurodegenerative diseases such as Alzheimer's disease (AD), amyotrophic lateral sclerosis (ALS) and Parkinson's Dementia [9] . Aluminium levels in drinking water vary according to the levels found in the source water and whether aluminium coagulants are used during water treatment [8] . Aluminium salts such as aluminium sulphate (Al 2 SO 4 ) are widely used in water treatment plant as coagulants to reduce organic matter, colour, turbidity and microorganism levels in untreated water [8] .
There is considerable concern throughout the world over the levels of aluminium found in drinking water sources (raw water) and treated drinking water [10] . Then, in a study, it was found out that high aluminium levels in drinking water (≥ 0.1 mg/L) were associated with an elevated risk of dementia and Alzheimer's disease [11] . Although there has been debate regarding relation of aluminium and Alzheimer Disease (AD), there were eighteen drinking water studies that have linked aluminium level to elevated risks of AD and elderly cognitive impairment [12] .
Total removal of harmful pollutants from the environment is impossible or infeasible and many natural occurring substances such as aluminium itself also pose health risks [13] . Besides that, it has been hypothesised that aluminium exposure is a risk factor for the development or acceleration of onset of AD in humans [8] . Therefore, health risk assessment is used to estimate whether current exposure will pose health risks to the community studied [13, 26] .
In this study, water samples will be taken from respondents' houses to determine their daily intake of aluminium from drinking water. In addition, water sources for both areas are different because it involves two villages with different water treatment plants, therefore comparison of aluminium levels between two different populations can be done and then compared to permissible level from Malaysia National Standard for Drinking Water Quality (2009) [4] .
Methods and Materials

Subject Recruiting and Selection of Study Locations
A cross sectional study was conducted involving 100 respondents from two villages in state of Johor in Peninsular Malaysia, namely Mukim Parit Lubok (MPL) and Parit Raja (PR). These two specific locations were selected due to non-compliance in aluminium levels in drinking water. This study were aimed at determining health risk from intake of aluminium in drinking water and the risk associate with the aluminium exposure using chronic daily intake estimation. The respondents were purposively selected from each village based on identified inclusive criteria, such as exclusive use of tap water and has lived in the village for at least 6 months. On the other hand, the exclusive criteria include consumption of other sources of drinking water such as bottled water and the usage of a water filter.
Questionnaires and Body Weight
A set of structured questionnaires were used in this study which comprised of two sections. The first section contained questions regarding respondents' background data such as age, household income, duration of residence and education level. The second section contained questions regarding exposure duration, chronic daily intake and water consumption during living period in the selected villages. The second section of the questionnaire was modified from the Baseline, Descriptive and Time-Activity Questionnaires used in the National Human Exposure Assessment Survey (NHEXAS)-Arizona study [14] . During the data collection period, the respondents were interviewed face to face with the researcher at their respective houses. In determining the chronic daily intake, body weight measurement was taken using a Tanita Digital Weight Scale.
Analysis of Aluminium in Drinking Water
Drinking water samples were collected at the respondents' kitchen tap. The tap was turned on and water was left to run for 3-5 minutes. A 200 milliliter (mL) nonacidified high-density polyethylene (HDPE) bottle was used for water sample collection. Two replicates of water samples were taken from each respondent's house. The samples were then preserved using 0.4 mL 69% pure concentrated nitric acid before being analyzed at the laboratory to ensure bacterial removal from the samples and to lengthen the storage time of the samples [15] .
Estimation of Health Risk Associated with Aluminium Drinking Water
In order to estimate health risk associated with aluminium in drinking water, chronic daily intake (CDI) where calculated first using the following equation [17] : Where CDI (I) wasthe chronic daily intake (mg/kg/d), C 1 was level of aluminium concentration in drinking water (mg/L), R 1 was ingestion rate (2 L/day), F E was exposure frequency (day/year), D t was exposure duration (year), W B was body weight (kg) and T AVG was average of exposure duration (D × 365 days/year). 
MPL
Calculation of Significant Exposure for Non-carcinogen Health Effect
To conclude the significant exposure and overall potential for non-carcinogenic health effect posed by aluminium in drinking water, the Health Index (HI) was calculated using the following equation [17] : N = 100; *Significant at p < 0.05 CDI was chronic daily intake and RfD was reference dose. RfD for Aluminium is 7 mg/kg/day. [18] In cases where the non-cancer HI does not exceed unity (HI < 1), it is assumed that no chronic risks are likely to occur at the site [17, 19] .
Statistical Analysis
Data from questionnaire, aluminium concentration in drinking water, respondent body weight, CDI and HI of both study areas were analyzed using Statistical Package for Social Science (SPSS) version 18.0 with the significant value (p < 0.05). Kolmogorov -Smirnov, Shapiro Wilk and Skewness tests were used to determine the normality of distribution of the interval/ratio scale variables. The data were analyzed in two stages. The first stage was univariate analysis. Bivariate analysis was then calculated to test the hypothesis, which was made to test for testing differences between two villages' study variables. N = 100
Results
Socio-demographic Information
This study was conducted in M. Pt. Lubok (MPL) and Pt. Raja (PR) where respondents use treated water as their main source of drinking water. Respondents were Malay, aged between 19 to 88 years old and from 100 respondents, 69 (69%) were males and the 31 (31%) were females. Table 1 shows data regarding age, monthly household income and duration of residence while Table 2 shows respondents' education levels.
Quality Control
Pre-test questionnaires were performed on 10% of sample size before the start of the study on selected adults to ensure the understanding of the questions (face validity). In order to control the selection bias, matching procedure was conducted controlling for: i) source of water and ii) the usage of water filter.
Aluminium Levels in Drinking Water
Ethical
It was found that aluminium levels in both locations at MPL and PR ranged from 0.12 mg/L and 0.36 mg/L with a mean and standard deviation of 0.200 mg/L and 0.039 mg/L, respectively. ence of aluminium concentration in drinking water between these two areas. Results showed that there was significant difference of aluminium concentration in drinking water between the two study areas (p < 0.05, Z = − 0.4509) ( Table 3 ).
Difference of Aluminium Levels between MPL and Malaysia Drinking Water Standard
The difference in aluminium concentration in drinking water from MPL with Malaysia Drinking Water Standard was analyzed using a parametric test (one sample t-test) with reference value of 0.2 mg/L. Result in Table 4 shows significant difference in aluminium concentration in drinking water from MPL with Malaysia Drinking Water Standard (p < 0.05, t = 4.782). 
Difference of Aluminium Levels between PR and Malaysia Drinking Water Standard
Chronic Daily Intake and Hazard Index
Respondents' chronic daily intake (CDI) for both study area was calculated using the CDI equation. The variables that used in calculated CDI included aluminium concentration in water, duration of residence and body weight. Table 6 shows the Chronic Daily Intake (CDI) of respondents from both study areas. From analysis, it was found out that there was significant difference of CDI of aluminium intake between both locations (p < 0.005, t = − 2.268). Hazard index (HI) was used to determine the heath risk of aluminium by dividing Chronic Daily Intake (CDI) with Reference Dose (RfD) of aluminium RfD (7 mg/kg/day) [18] . From the result shown in Table7, hazard index of both locations were less than 1.
Discussion
Demography Data and Respondents' Background
Respondents were chosen from two different locations: M. Pt. Lubok (MPL) and Pt. Raja (PR). It was found that respondents of these two locations were not much different in terms of age, levels of education and other demographic background. Most respondents were in the range of 40 to 50 years old. With regards to gender, 69 (69%) of them were male and 31 (31%) were female. Males exceeded females due to most of the respondents were self-employed, so chances to meet the male respondents were higher than the female respondents especially when involving village people. From the statistical analysis, it was found that the only difference between respondents from both locations was household monthly income, where MPL had a lower household monthly income compared to PR. This situation occurred probably because most of the respondents in MPL were self-employed such as farmers and this location was quite far from the main city compared to PR. However, for respondents at PR, they have a better standard of living, for example as government servants.
Variables that were similar for respondents in both locations were age and duration of residence. It was found out that through statistical analysis, respondents' age and duration of residence showed no significant difference between these two locations. Duration of residence is important because it showed how long the respondents were being exposed to aluminium in drinking water at each location.
Difference of Aluminium Levels between Two Locations
The design and operation of processes at water treatment plant influence the aluminium levels in the treated water that will be delivered to consumers [20] . If there is another additional treatment process such as lime softening added during aeration process for acidic raw water, this process may influence aluminium levels in treated water [20] . Consequently, aluminium levels in treated water may differ for different treatment plants. Therefore, this study did find the same conclusion in which there was significant difference of aluminium levels in drinking water between MPL and PR (P < 0.05, Z = − 0.4509). Nevertheless, this finding was similar to a previous study done in Romania, where there was a significant difference of aluminium levels in drinking water from different water treatment plants [21] . Another study in Malaysia, showed significant different of aluminium levels between two locations in the southern region of Malaysia [22] . Therefore, as stated in the result, the 'p' value was less than alpha set in this study (0.05), thus the null hypothesis is rejected where there is significant difference of aluminium levels in two different villages.
Difference of Aluminium Levels between MPL and Malaysia Drinking Water Standard
From the analysis of difference test, it showed that there was significant difference between aluminium levels at the study location and standard of aluminium for drinking water (p < 0.05, t = 4.782). Next, it was found out that 14 of 50 (28%) water samples collected exceeded the standard aluminium levels in Malaysia, whereas in a study done in Galicia, Spain 19% of water samples collected contained aluminium levels exceeded the maximum concentration level of 0.2 mg/L [23] . Aluminium levels in drinking water vary according whether aluminium sulphate (alum) were used during water treatment. The dose of alum used depended on the properties of the raw water, turbidity, temperature and alkalinity [24] . Raw water with low turbidity often needs higher dose of alum to bring about coagulation than more turbid waters since waters of low turbidity and high colour are most difficult to treat [24] . Nevertheless, under optimal conditions, conventional method is capable of achieving a minimum aluminium levels in the treated water of around 0.03mg/L [20] .
Difference of Aluminium Levels between PR and Malaysia Drinking Water Standard
Aluminium levels in PR ranged between 0.14 mg/L to 0.36 mg/L. [5] . Aluminium levels in treated water that above of 0.3 mg/L reflect a lack of optimization in the coagulation, sedimentation and filtration stages of the conventional method [20] . According to WHO, in the coagulation process, what is important is that a correct dose be applied to the raw water as effectively as possible. This means that certain information must be known accurately, such as the dose required, amount of coagulant per unit of volume in each batch, amount of dilution water and also the dosing equipment applies the desired dose all the time [8] .
Difference of respondents' Chronic Daily Intake (CDI) of Aluminium Intake between the Two Locations
From the statistical analysis, it was found out that there was significant difference of CDI of aluminium intake between both locations (p < 0.005, t = − 2.268). CDI of aluminium intake for MPL was in ranged of 0.00303 mg/kg/day to 0.01158 mg/kg/day, whereas for PR, CDI ranged from 0.0027 mg/kg/day to 0.01274 mg/kg/day. This is mostly due to low aluminium levels measured in drinking water for both locations since the most contributable factor in CDI equation is aluminium levels rather than other factors such as respondents' body weight and exposure duration to aluminium in drinking water. These findings were far lower if compared to a previous study in Selangor, Malaysia, where mean of first location, KSM was 0.0516 mg/kg/day and second location, was 0.0391 mg/kg/day [25] .
Hazard Index of Aluminium Intake between the Two Locations
The HI was used to determine the hazard risk, where, if the HI value was less than 1, it indicates an unlikely potential for adverse health effects, while if the HI value was greater than 1, it indicates a concern for adverse health effects or the need for further study [19] . The result from this study was 100% for both locations showing HI lower than 1, which means that the risk was acceptable. When comparing CDI of aluminium intake between study locations with Reference Dose (RfD) which is 7 mg/kg/day, CDI of aluminium intake for both locations were far lower than RfD. As a conclusion, this study showed that mean of aluminium levels in both locations had exceeded the Malaysian Drinking Water Standard which is 0.2 mg/L. Even though the degree of difference was not significantly higher, action must be taken to reduce the aluminium levels in drinking water to similar or below the national standard. This is important to ensure the quality of water received by the consumers follow the standards put up by the health authority. Optimization of raw water process at the water treatment plant must be implemented since the conventional method is capable of achieving a very minimum aluminium levels in treated water.
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